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Chapter 1: Executive Summary: A Market at a Critical Inflection Point

The global radiopharmaceutical sector is in the midst of a "gold rush," a period of explosive growth fueled by the clinical
and commercial success of radioligand therapies (RLTs). This momentum, marked by staggering multi-billion-dollar M&A
deals and soaring investment, is creating unprecedented opportunity. However, this financial fervor is running headlong
into critical constraints: underdeveloped manufacturing infrastructure and a severe, systemic talent shortage. This
fundamental gap between available capital and operational capability defines the primary white space for strategic
investment and focus.

The market is characterized by a severe and widening structural imbalance where explosive clinical demand is dramatically
outpacing the growth of the highly specialized, capital-intensive Good Manufacturing Practice (GMP) manufacturing supply
chain. This chasm represents both the single greatest threat to the sector's continued momentum and the most significant
opportunity for strategic investment in Contract Development and Manufacturing Organization (CDMO) services. The
market's rapid expansion, with some forecasts projecting growth to over $42 billion by 2032, is predicated on solving these
fundamental supply challenges.

The analysis reveals that the scarcity of specialized talent - particularly radiochemists, nuclear pharmacists, and operations
leaders with radiation handling experience - has surpassed capital as the most significant bottleneck to industry growth.
The unique "just-in-time" manufacturing paradigm, dictated by the short half-lives of medical isotopes, is compelling a
strategic decentralization of production. The industry is moving away from monolithic, centralized plants toward a
distributed network of smaller, regional CDMO facilities to minimize isotope decay and de-risk the supply chain. This has
created significant geographic growth opportunities, particularly in the Asia-Pacific (APAC) region, propelled by aggressive
government support aimed at building sovereign capabilities.

Investment in the sector is bifurcating. On one track, Big Pharma is executing multi-billion-dollar acquisitions of companies
with late-stage RLT assets to secure future product pipelines. In parallel, private equity is focusing on the foundational
layer, investing to build and scale the specialized CDMO infrastructure required to manufacture these complex therapies.
Concurrently, national governments in the US, Canada, the UK, France, Australia, and Japan have evolved from passive
regulators into active ecosystem builders, using strategic funding and crucial reimbursement reforms to foster domestic
innovation.

The supply-demand chasm is driven by three primary, interconnected bottlenecks: a fragile and insufficient supply of key
therapeutic radioisotopes like Lutetium-177 (177Lu) and Actinium-225 (225Ac); a critical shortage of GMP-compliant
infrastructure like shielded "hot cells"; and an underdeveloped capacity for aseptic fill/finish operations tailored to
radioactive drugs. This imbalance has manifested in high-profile commercial supply shortages, most notably with Novartis's
blockbuster drug Pluvicto®, which led to significant patient treatment delays.

This report provides a comprehensive analysis of the core challenges and structural complexities inherent to the
radiopharma service provider model. It examines the critical domains that define the operational landscape: the fragile
isotope supply chain, the capital-intensive demands of high-containment facility design, the mission-critical nature of
decay-timed logistics, a dual regulatory gauntlet, and a systemic talent scarcity crisis. Through detailed case studies and a
global market map, we analyze the strategies of established leaders, strategic pivots, and new entrants.

This analysis concludes that the most successful radiopharma service providers will be those that master the intricate
interplay of these domains - building resilient supply chains, investing in automation, controlling logistics, and navigating
the dual regulatory environment with precision. They will serve not merely as contract manufacturers, but as indispensable
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strategic partners to the innovators bringing next-generation cancer treatments to patients worldwide. The logical
endgame of this high-stakes environment is a convergence towards a handful of highly capable, pure-play CDMOs who,
having proven their ability to execute under decay, will become the ultimate acquisition targets for the global
pharmaceutical players who will win the radiopharma race.

Chapter 2: The New Competitive Battleground: Market Dynamics Driving the CDMO
Imperative

The strategic pivot towards integrated service models is not occurring in a vacuum. It is a direct and necessary response to a
confluence of powerful market forces that have reshaped the radiopharmaceutical landscape between 2020 and 2025. The
clinical validation of theranostics has ignited an investment and development boom, which in turn has created a critical and
widely acknowledged manufacturing bottleneck. Companies able to solve this manufacturing challenge are positioning
themselves to capture immense value in a market projected to more than double in the next decade.

2.1. The “Pluvicto Effect” and the Radiopharmaceutical Gold Rush

The radiopharmaceutical sector is experiencing a period of unprecedented growth, fundamentally driven by the maturation
of theranostics - an approach that combines diagnostic imaging and targeted radiation therapy. This paradigm enables a
highly personalized form of medicine, allowing clinicians to "see what you treat and treat what you see". This precision has
revolutionized treatment possibilities, particularly in oncology.

The market’s financial trajectory reflects this excitement. The global radiopharmaceuticals market was valued at
approximately $6.7 to $6.8 billion in 2024 and is projected to surpass $13.67 billion by 2033, with some forecasts predicting
growth to over $35 billion by 2034. Compound annual growth rates (CAGR) are estimated to be between 9.0% and a more
bullish 19.9%.

The credibility of these forecasts is bolstered by the "Pluvicto Effect". The blockbuster performance of Novartis's Pluvicto®
(177Lu vipivotide tetraxetan), a therapy for prostate cancer, served as an undeniable proof-of-concept for the entire field. It
recorded over $1 billion in sales in just the first nine months of 2024. Similarly, Lantheus's diagnostic imaging agent,
PYLARIFY®, was projected to exceed $1 billion in sales by the end of 2024. These commercial successes have validated the
immense potential of radiopharmaceuticals, attracting a wave of investment and R&D activity.

2.2. Big Pharma’s M&A Frenzy: Validation Through Acquisition

The once-niche field of radiopharmaceuticals has now firmly entered the mainstream, a fact underscored by a surge of
high-value mergers and acquisitions by the world's largest pharmaceutical companies. In a concentrated period from late
2023 through mid-2024, the industry witnessed a dealmaking spree that irrevocably validated the strategic importance of
this therapeutic modality.

Key transactions included:

Bristol Myers Squibb's $4.1 billion acquisition of RayzeBio.
Eli Lilly's $1.4 billion buyout of Point Biopharma.
AstraZeneca's up to $2.4 billion deal for Fusion Pharmaceuticals.

Novartis's $1.75 billion purchase of Mariana Oncology.

These are not merely financial investments; they represent a fundamental strategic judgment by Big Pharma that RLTs are a
new pillar of oncology, comparable in potential to the antibody-drug conjugate (ADC) boom. The logic is clear: by acquiring
these specialized biotechs, Big Pharma instantly buys into promising, late-stage pipelines, creating massive internal demand
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for the very CDMO services that are in short supply. To realize the value of these multi-billion-dollar investments, the
acquirers must navigate the complex process of advancing these novel drugs through late-stage trials and preparing for
commercial launch, which requires a secure, scalable, and GMP-compliant manufacturing infrastructure that most lack in-
house for this unique class of drugs.

2.3. The Manufacturing Choke Point: The Central Opportunity

The rapid escalation in demand for radiopharmaceuticals has collided with a stark reality: a profound and persistent lack of
adequate manufacturing capacity. This "manufacturing bottleneck" has become the single most significant challenge facing
the industry and, consequently, the single greatest opportunity for companies positioned as full-service CDMOs. The
difficulty of manufacturing these products also serves as a significant competitive moat, making them less vulnerable to
generic competition.

The bottleneck is a complex problem with several interrelated facets:

® (Capacity and Infrastructure Constraints: There is a scarcity of facilities designed and licensed to handle
radiopharmaceutical production, which require specialized infrastructure like hot cells and cyclotrons.

® Logistical Complexity and Short Half-Lives: The physics of radioactive decay mandates a "just-in-time" supply chain,
where a simple logistical delay can render a dose unusable.

® Specialized Expertise and Talent Scarcity: The industry faces a severe "talent crunch," with a shortage of personnel
possessing the necessary cross-disciplinary expertise in radiochemistry, nuclear physics, and regulatory affairs.

This confluence of challenges has created a clear market failure that CDMOs are strategically positioned to solve. For a drug
developer, outsourcing manufacturing de-risks clinical programs, accelerates timelines, and allows them to focus on core
competencies. Companies that historically focused on one piece of the value chain have recognized that the greatest value-
capture opportunity now lies in providing an integrated, end-to-end manufacturing solution. Their pivot to a CDMO model
is a direct strategic response to this critical industry choke point.

2.4. The Alpha-Emitter Arms Race: A New Frontier of Complexity

While the current market boom was largely propelled by beta-emitting isotopes like 177Lu, the industry is already looking
toward the next technological frontier: alpha-emitting isotopes such as 225Ac and Lead-212 (212Pb). Alpha particles deliver
a much higher amount of energy over a shorter distance, promising greater therapeutic efficacy with fewer side effects.

This scientific promise is a primary catalyst for the recent M&A frenzy, with the acquisitions by Bristol Myers Squibb
(RayzeBio), AstraZeneca (Fusion), and Novartis (Mariana Oncology) being heavily weighted toward securing alpha-emitter
platforms. However, this technological leap comes with a commensurate increase in manufacturing complexity. Alpha-
emitters require a "completely different production route" and more stringent safety protocols than beta-emitters.

This dynamic elevates the strategic importance of CDMOs even further. A drug developer with a promising 225Ac candidate
faces a much higher barrier to in-house manufacturing. Therefore, a CDMQ's demonstrated ability to produce, handle, and
formulate alpha-emitters has become a critical competitive differentiator. Those CDMOs that have proactively invested in
building alpha-emitter capabilities - such as NorthStar's dedicated 225Ac production facility, Cardinal Health's alpha-capable
CMO, and Evergreen's specialized cleanrooms - are positioning themselves to attract the most innovative and well-funded
clients in the next wave of radiopharmaceutical development. The ability to offer reliable, scalable manufacturing for 225Ac
is no longer a future consideration; it is a present-day requirement for leadership.
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Chapter 3: Deconstructing the Moat: The Core Complexities of Radiopharma Operations

Mastering radiopharmaceutical manufacturing requires navigating a gauntlet of five interconnected challenges that are
structurally distinct and substantially more complex than those faced by traditional pharmaceutical CDMOs. These barriers
define the competitive moat, explaining why many new entrants will fail and highlighting the immense value of the few
who succeed. Success is not predicated on a single competency but on the seamless integration of nuclear physics, high-
containment engineering, precision logistics, a dual-track regulatory framework, and a deep reservoir of specialized talent.

3.1. The Isotope Supply Chain: A Foundation of Fragility

The entire radiopharmaceutical enterprise is built upon a supply chain that is fundamentally more fragile and complex than
that of any other drug modality. The raw material - the radioisotope - is not a stable chemical but a physically decaying
element, often produced in a limited number of specialized facilities worldwide. For a CDMO, securing a reliable supply of
high-quality isotopes is the primary source of systemic risk.

® The Actinium-225 (225Ac) Conundrum: 225Ac, a potent alpha-emitter, is one of the most promising radionuclides for
therapy, but its clinical potential has been historically constrained by extreme scarcity. Traditional production relied
on "milking" decaying Thorium-229 (229Th) from finite Cold War-era stockpiles, a non-renewable resource. New,
scalable accelerator-based methods are now being pioneered by the U.S. Department of Energy's "Tri-Lab Effort" and
commercial players like TerraPower and ITM to create a more robust supply. However, this creates a new dependency
on a handful of specialized producers and advanced technology. For instance, some commercial 225Ac is supplied as a
"starting material," not manufactured under cGMP, meaning the CDMO assumes the critical responsibility for final
purification.

® The Lutetium-177 (177Lu) Bottleneck: The workhorse beta-emitter 177Lu is produced in a small number of aging,
high-flux nuclear research reactors scattered across the globe. This centralized model is highly vulnerable to
disruption, as demonstrated by the supply interruptions for Novartis's Pluvicto®, which led to some patients dying
while awaiting treatment. The market has decisively shifted its preference toward higher-purity "non-carrier-added"
(n.c.a.) 177Lu, which is more complex to produce. This concentrates supply risk onto an even smaller subset of
specialized producers who have mastered the indirect production route from Ytterbium-176 (176Yb), making the
supply chain for this critical precursor a key vulnerability.

3.2. Specialized Infrastructure: Engineering for Radioactivity

A radiopharmaceutical facility is a unique hybrid, demanding the concurrent satisfaction of two conflicting engineering
principles: pharmaceutical sterility and radiological containment. This requires massive capital investment in specialized
infrastructure.

® Shielding and Containment: Facilities require lead-lined "hot cells," multi-foot-thick high-density concrete vaults, and
reinforced foundations to handle the immense weight and contain radiation. Hot cells themselves are sophisticated
workstations made of stainless steel with lead-glass viewing windows and remote manipulators, and their interiors
must meet ISO 5 (Grade A) aseptic standards.

® Conflicting HVAC Systems: A core engineering challenge is the facility's HVAC system. Pharmaceutical cleanrooms
require positive air pressure to prevent microbial contaminants from entering. However, nuclear safety requires hot
cells to be under negative pressure to contain any airborne radioactive particles. Reconciling this conflict requires a
complex, multi-zoned system of cascading airlocks and precise pressure differentials, making the system far more
complex and expensive than in a traditional plant.
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Radioactive Waste Management: A significant footprint must be dedicated to shielded "Decay-in-Storage" areas. All
waste, from vials to PPE, must be segregated by isotope and held until its radioactivity decays to safe levels—a
process that can take days for short-lived isotopes or months for longer-lived ones like 177Lu. This requires a robust
reverse-logistics system to manage different decay timelines.

3.3. Decay-Timed Logistics: The Race Against the Clock

The product is a "melting ice cube," its value diminishing with every passing second, which elevates logistics from a support

function to a mission-critical core competency.

The "Just-in-Time" Imperative: With half-lives measured in hours (for diagnostics like 18F) or days (for therapeutics
like 177Lu), inventory is impossible. A single logistical delay - a flight grounded by weather, a customs hold-up - can
render a patient's dose completely unusable, leading to a canceled treatment.

Specialized Couriers: The industry relies on a small ecosystem of highly specialized couriers (e.g., Life Couriers,
Marken, PHSE) that can handle time-sensitive, temperature-controlled, radioactive hazardous materials (Class 7) and
provide mission-critical contingency planning.

Decentralized Model: To mitigate risk, the industry is moving toward a network of smaller, regional manufacturing
sites located closer to patients. This strategy reduces transit times and reliance on fragile long-haul shipping.

3.4. The Dual Regulatory Gauntlet: Navigating the FDA and NRC

A radiopharma CDMO must navigate the complex requirements of both drug regulatory bodies (e.g., FDA, EMA) and

nuclear safety agencies (e.g., NRC, Euratom), a duality foreign to traditional CDMOs.

Conflicting Requirements: This dual oversight impacts everything from facility design to quality assurance. The CDMO
must satisfy both pharmaceutical sterility needs and radiological containment rules.

"At-Risk" Release: The most profound departure from traditional pharma is that the product must often be shipped
and administered before long-term quality tests, like the 14-day sterility test, are complete.

Prospective Quality: This paradigm forces an intense regulatory focus on prospective assurance of the manufacturing
process. Quality must be "built into" the process through rigorous validation (IQ/0Q/PQ) and automation, rather than
simply "tested into" the final product.

3.5. The Human Capital Crisis: Talent as the Ultimate Bottleneck

The industry is grappling with a severe and global shortage of skilled personnel, a structural deficit that threatens growth.

The Radiochemist and Nuclear Pharmacist Gap: The educational pipeline is dwindling, with the US granting only an
estimated 5-10 new radiochemistry PhDs annually. Expertise is often acquired only through years of on-the-job
experience, which cannot be rapidly scaled.

Fierce Competition: The limited talent pool has created a cutthroat environment where companies "poach"
employees from one another, leading to high turnover and inflated compensation.

Human Capital as a Core Asset: Consequently, recent multi-billion-dollar acquisitions are driven not just by
technology, but by the critical need to acquire scarce, experienced teams. A stable, expert team is a core, bankable
asset that de-risks an entire enterprise.
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Chapter 4: The Radiopharmaceutical Value Chain: A Market Map of Key Players

The radiopharmaceutical ecosystem is a complex network of highly specialized companies, each occupying a critical niche in
the value chain. Understanding the distinct roles and capabilities of these players is essential for navigating the market. This
chapter provides a comprehensive market map, categorizing key commercial players into the core segments of the supply
chain, from foundational isotope production to the enabling technologies that underpin the entire industry. It is important
to note that the companies profiled in the following sections are intended to be representative examples of the key
players within each segment. This is not an exhaustive list of every company operating in the radiopharmaceutical value
chain.

4.1. Segment 1: Isotope Supply & Production

This foundational layer comprises the commercial-scale producers of medical radioisotopes. These entities operate the
nuclear reactors, cyclotrons, or other advanced accelerator technologies required to generate the radioactive materials that
serve as the active pharmaceutical ingredient (API) in radiopharmaceuticals.

® NorthStar Medical Radioisotopes (USA): A central figure in the U.S. strategy to onshore isotope production,
NorthStar uses innovative, non-uranium-based electron accelerator technology. Its key products include Copper-67
(67Cu) and Actinium-225 (225Ac).

® SHINE Technologies (USA): Another key American innovator focused on securing the Molybdenum-99 (99Mo) supply
chain for diagnostic imaging, using a unique, subcritical assembly technology.

® |TM Isotope Technologies Munich (Germany): A global leader in the production of n.c.a. Lutetium-177 (177Lu) and a
major emerging player in 225Ac through its Actineer™ joint venture.

® BWAXT Medical (Canada): A full-service COMO and isotope supplier, leveraging its parent company's deep nuclear
expertise to produce isotopes like 99mTc from power reactors and 225Ac, for which it holds an active FDA Drug
Master File (DMF).

® SCK CEN (Belgium): A globally recognized public research hub and a cornerstone of the European nuclear landscape.
Its BR2 reactor is a vital international source for key medical isotopes, and it is a key partner in the PanTera joint
venture to produce 225Ac.

® Niowave, Inc. (USA): A technology-driven innovator using proprietary superconducting electron linear accelerators
(linacs) to produce medical isotopes, with a primary focus on ultra-pure, carrier-free 225Ac.

® TerraPower Isotopes (USA): A specialized raw material supplier focused exclusively on producing 225Ac by harvesting
it from legacy nuclear materials, providing a unique, non-reactor, non-accelerator source.

® lonetix (USA): A technology company focused on producing medical isotopes using its own compact, on-site
cyclotrons. The company is strategically expanding its alpha isotope manufacturing facility in Michigan, adding a
second cyclotron dedicated to the production of alpha-emitters like 225Ac.

® ASP Isotopes (USA/South Africa): Occupying a critical upstream niche, ASP Isotopes enriches the stable (non-
radioactive) isotopes used as precursor materials for radioisotope production, such as 176Yb for n.c.a. 177Lu
production.

4.2. Segment 2: Radiochemistry & Radiolabeling Development

Positioned between raw isotope supply and GMP manufacturing, these companies are the scientific innovators specializing
in the complex chemistry of attaching a radioactive isotope to a targeting molecule. This category is often populated by
biotechs with strong platform technologies that also partner with CDMOs for manufacturing.
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Fusion Pharmaceuticals (Canada/USA): Acquired by AstraZeneca, Fusion is built around its proprietary Fast-Clear™
linker technology, designed to connect alpha-emitting isotopes to antibodies and improve therapeutic safety.

Clarity Pharmaceuticals (Australia): Develops theranostics based on its proprietary "Sarcophagine" (SAR) chelator
technology, designed specifically to bind copper isotopes (64Cu for imaging, 67Cu for therapy).

Orano Med (France/USA): A clinical-stage company with a unique, pure-play focus on developing targeted alpha
therapies using Lead-212 (212Pb), derived from a proprietary, inexhaustible source of Thorium-232 (232Th). Its in-
house expertise extends to chelator design through its Macrocyclics subsidiary.

Perspective Therapeutics (USA): A clinical-stage developer pioneering targeted alpha therapies using Lead-212
(212Pb). The company’s theranostic platform leverages a proprietary lead-specific chelator to pair 212Pb for therapy
with its imaging analog, 203Pb, for patient selection and dosimetry. Its pipeline includes programs for neuroendocrine
tumors and melanoma, supported by a proprietary generator to ensure a dedicated supply of 212Pb.

Ratio Therapeutics (USA): Develops best-in-class targeted radiotherapies, leveraging its proprietary Trillium™ and
Macropa™ platforms for developing both fibroblast activation protein (FAP)-targeted therapies and novel
radiolabeling chemistry.

Radiopharm Theranostics (Australia): A virtual developer with a diversified asset-centric model. It in-licenses
promising assets from academic institutions, like its B7-H3 antibody platform from MD Anderson, and partners with
CDMOs for development and manufacturing.

ARTBIO (USA/Europe): A clinical-stage company with a disruptive model built around its proprietary AlphaDirect™
benchtop isolation system for producing 212Pb on-demand, enabling a decentralized manufacturing network.

4.3. Segment 3: GMP Manufacturing & Fill/Finish (CDMOs)

This segment consists of the "hot factories" of the industry: Contract Development and Manufacturing Organizations

(CDMOs) that provide GMP-compliant production capacity to third-party clients.

Nucleus RadioPharma (USA): The archetypal pure-play CDMO, founded to address manufacturing bottlenecks
without a competing internal pipeline. It is building a national network of isotope-agnostic facilities.

SpectronRx (USA): A well-established CDMO with a strong focus on theranostics, offering services from early-stage
development to full-scale GMP commercialization for isotopes like 225Ac, 177Lu, and 212Pb.

AtomVie Global Radiopharma (Canada): A spin-out of the McMaster Centre for Probe Development, possessing deep
institutional knowledge and a focus on therapeutic manufacturing, particularly with 177Lu and 225Ac.

Pharmalogic (USA): A leading operator of cyclotrons and radiopharmacies across the U.S. that has expanded via the
acquisition of Agilera Pharma into a global therapeutic COMO.

Eckert & Ziegler (Germany): A highly diversified global leader offering an extensive portfolio of isotopes (177Lu, 90Y,
68Ga generators), CDMO services, and enabling hardware.

SOFIE Biosciences (USA): Operates a hybrid model, developing its own pipeline (notably FAPI agents) while leveraging
its extensive nationwide network of radiopharmacies and manufacturing sites to provide CDMO services for PET
agents.

Isotopia Molecular Imaging (Israel/USA): A dedicated developer and manufacturer of radioisotopes and
radiopharmaceuticals, with strong expertise in the GMP production of therapeutic isotopes, including n.c.a. 177Lu and
developmental work on Terbium-161 (161Tb). The company offers its manufacturing expertise to partners and is
actively expanding its footprint into the U.S.

Cyclotek (Australia): A leading radiopharmaceutical manufacturer in the Australia and New Zealand (ANZ) region.
While historically focused on PET diagnostics, Cyclotek is strategically expanding its capabilities into therapeutic
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isotopes, including 177Lu and 225Ac, to support clinical trials across ANZ and the broader ASEAN region, positioning
itself as a key regional CDMO for the next wave of theranostics.

4.4. Segment 4: Preclinical & Imaging CROs

This segment includes the specialized Contract Research Organizations (CROs) that provide essential non-clinical and clinical

trial support services, a critical part of the development pathway.

Minerva Imaging (Denmark): A science-driven preclinical CRO and CDMO with a strong focus on in vivo pharmacology
and advanced imaging to support radiopharmaceutical development. Backed by Nordic Capital for a global expansion,
it offers services from target validation to first-in-human trials.

Perceptive (Invicro, a Konica Minolta company) (USA/UK): An imaging-focused CRO with deep, integrated expertise
in radiochemistry. It supports the development of novel radiotracers for clients, from discovery through clinical trials.
Radiomedix (USA): A hybrid clinical-stage innovator and full-service CDMO with a sharp focus on Targeted Alpha
Therapy (TAT) and first-hand experience navigating the FDA for its own pipeline.

CMIT (Center for Molecular Imaging and Therapy) (USA): A research-focused institute in Louisiana that provides
extensive, well-defined radiopharmaceutical manufacturing and quality control services to external partners.
Medi-Radiopharma (Hungary): While also a CDMO, Medi-Radiopharma has a distinct service line for GLP-compliant
contract research and QC method development.

Moravek (USA): A long-standing and highly respected contract service provider specializing in custom radiosynthesis
of GMP-compliant Carbon-14 (14C) and Tritium (3H) labeled APIs for early-phase clinical studies, particularly drug
metabolism (DMPK) analysis.

CUP Contract Labs (Germany): A specialized GMP-certified contract laboratory focused on the chemical and
microbiological analysis of radiopharmaceuticals. The company provides critical quality control and release testing
services for drug developers and manufacturers, supporting preclinical and clinical programs with expertise in
handling highly radioactive substances.

4.5. Segment 5: Cold Chain Logistics & Distribution

This segment comprises the highly specialized "movers" of the industry, whose core business is the safe, compliant, and

time-critical transportation of Class 7 radioactive materials.

Cardinal Health (USA): Operates the largest radiopharmacy network in the U.S., providing unparalleled last-mile
delivery and end-to-end logistics control through a proprietary technology stack.

Jubilant Radiopharma (USA/Canada): Operates the second-largest U.S. radiopharmacy network and a comprehensive
Canadian network (Isologic), providing broad distribution capabilities.

Life Couriers (USA/Global): The archetypal specialist in radiopharmaceutical logistics with over 45 years of
experience, operating a 24/7/365 platform with a fleet of trained, Hazmat-endorsed drivers.

PHSE (Global): A global logistics company with a dedicated division for radiopharma transport, featuring a network of
regional control towers for seamless coordination.

World Courier (an AmerisourceBergen company) (Global): A major player in specialty logistics for the life sciences
industry with the foundational capabilities for radiopharmaceutical transport.

UPPI (United Pharmacy Partners, Inc.) (USA): An alliance of over 80 independent and academic radiopharmacies that
leverages the collective buying power and local service flexibility of its members to provide national coverage.
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4.6. Segment 6: Infrastructure & Enabling Technologies

This final segment covers the "picks and shovels" of the industry - the companies that design, manufacture, and sell the

essential capital equipment required to safely handle radioactive materials.

IBA (lon Beam Applications) (Belgium): The undisputed global leader in particle accelerator technology, providing
integrated, turnkey solutions for radiopharmaceutical production, from cyclotrons to fully designed GMP
radiopharmacy packages (Integralab®).

Von Gahlen (Netherlands): A premier global manufacturer of high-quality, custom-built radiation shielding solutions
and hot cells.

Comecer (An ATS Company) (Italy): A major manufacturer of high-technology systems for radiopharma, including
shielded hot cells, isolators, and robotic dispensers.

Trasis (Belgium): Specializes in the development of automated systems for radiopharmaceutical production and
quality control, including its flagship AllinOne synthesizer and QC1 "lab in a box" for rapid QC.

Lemer Pax (France): A comprehensive radiation protection innovator with a holistic portfolio, including an explicit
product line for alpha/beta protection and patented "Alpha glass" for high-integrity containment.

Germfree (USA): A specialist in designing and manufacturing advanced cleanroom solutions, including lead-shielded
biological safety cabinets and compounding aseptic containment isolators (CACIs).

Chapter 5: The Rise of the Vertically Integrated Player

The strategic landscape of the radiopharmaceutical industry is being fundamentally reshaped by the rise of the vertically

integrated player. This trend manifests in two primary ways: established service providers are strategically expanding to

become "full-stack" CDMOs, and large pharmaceutical companies are aggressively acquiring capabilities to control their

entire value chain.

5.1. Profiles in Transformation: The Pivot to Full-Stack CDMO

The Isotope Producer Pivot: NorthStar Medical Radioisotopes: NorthStar leveraged its core competency in novel
isotope production (225Ac, 67Cu) to vertically integrate, building a co-located CDMO facility on its Wisconsin campus.
This move was a direct pivot away from the challenging economics of the diagnostics market to capture the higher
value of therapeutic services.

The Distributor Roll-Up: PharmalLogic: Pharmalogic used its extensive radiopharmacy network as a platform,
executing a transformative "buy versus build" strategy by acquiring the Norwegian therapeutic COMO Agilera Pharma
in 2025. This single move instantly gave the company a global therapeutic manufacturing footprint.

The Acquired Hybrid: Evergreen Theragnostics (A Lantheus Company): Founded as a hybrid developer/CDMO,
Evergreen's success in building out advanced manufacturing capabilities, particularly for alpha-emitters, made it a
prime acquisition target. Its 2025 acquisition by Lantheus for up to $1 billion exemplifies the trend of larger players
buying, rather than building, critical manufacturing infrastructure to de-risk their own pipelines.

The Organic Grower: SpectronRx: Over two decades, SpectronRx has evolved from a local dispensing service into a
global CDMO through steady, organic growth. Its expansion has been enabled by deep operational expertise and
strategic partnerships, such as its 2024 agreement with SCK CEN to establish a European manufacturing presence
focused on 225Ac.

The Strategically-Backed Pure-Play: Nucleus RadioPharma: Purpose-built in 2022 to solve the market's
manufacturing bottleneck, Nucleus operates a "complete, not compete" model. Its rapid growth is fueled by a unique
consortium of strategic investors, including the Mayo Clinic and AstraZeneca, who are collaboratively funding the
creation of the infrastructure the industry needs.
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5.2. Case Study: The Novartis Pluvicto® Crisis and Recovery

The story of Novartis's Pluvicto® is the single most important event to have shaped the modern radiopharmaceutical
manufacturing landscape. Following its FDA approval, overwhelming demand quickly outpaced production capacity from its
sites in Italy and New Jersey. In early 2023, the crisis forced Novartis to halt new patient starts, creating severe disruptions
in care. This public failure served as a powerful lesson for the entire industry and catalyzed a massive, multi-hundred-
million-dollar response from Novartis to build a resilient, redundant, and scalable global manufacturing network. This
includes a new, state-of-the-art facility in Indianapolis and planned sites in Japan and China, demonstrating a clear
commitment to vertical integration and regionalized supply to prevent a repeat of the crisis.

5.3. Case Study: Telix Pharmaceuticals’ Acquisition-Led Integration

Telix provides a definitive case study in rapid, aggressive vertical integration through acquisition. Recognizing that control of
the supply chain is the ultimate competitive advantage, Telix executed a series of transformative deals in 2024-2025. It
acquired ARTMS for its advanced cyclotron-based isotope production technology, IsoTherapeutics for its radiochemistry
and bioconjugation expertise, and the RLS Radiopharmacies network to gain a massive U.S. manufacturing and last-mile
distribution footprint. This spree has transformed Telix from a drug developer dependent on external partners into a self-
sufficient powerhouse that controls its value chain from isotope creation to patient dose delivery.

Chapter 6: Strategic Outlook and Recommendations

The radiopharmaceutical market is at a critical inflection point, evolving from a fragmented collection of niche providers
into a consolidated, strategically vital industry. The analysis of market dynamics, competitive positioning, and
manufacturing realities reveals a clear trajectory defined by a relentless race for scale, technological mastery, and supply
chain control.

6.1. The "Build vs. Buy" Dilemma and Emerging Competitive Archetypes

The strategic decisions made by different players can be framed within a classic "Build versus Buy" paradigm. As the dust
from this period of intense activity begins to settle, three distinct competitive archetypes are emerging:

® The Fully Integrated Pharma Giant (e.g., Novartis, BMS, Lilly, Lantheus, Telix): These companies aim to control the
entire value chain. Their primary strategy has been to "buy" their way in, acquiring fully-formed platforms that include
pipelines, talent, and manufacturing assets. Their competitive advantage lies in their vast resources and market
access.

® The Global Pure-Play CDMO (e.g., Pharmalogic/Agilera, and the ambition of Nucleus, AtomVie, Minerva Imaging):
These companies are focused exclusively on providing services to third parties. They are executing a pure "build"
strategy, constructing new capacity to serve the entire market. Their "complete, not compete" model is a powerful
value proposition.

® The Specialized Isotope & Services Provider (e.g., NorthStar, ITM, Eckert & Ziegler, BWXT Medical): These players
have a foundational advantage in the production of critical radioisotopes. Their power stems from controlling the
scarcest resource. Many are leveraging this by integrating forward into CDMO services, creating a highly compelling,
bundled "isotope-plus-services" offering.
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6.2. Actionable Recommendations for Stakeholders

This analysis reveals several actionable opportunities and imperatives for key stakeholders.

For Drug Developers (Biotech & Pharma):

® Prioritize Manufacturing Early: A robust, de-risked manufacturing and supply chain plan is as crucial to a program's
success as its clinical data.

® Secure Capacity Preemptively: The queue for high-quality CDMO capacity is long and growing. Reserve manufacturing
slots for pivotal trials and commercial launch from Phase 1 onward.

® Partner, Don't Just Procure: Seek long-term strategic partnerships with CDMOs based on deep integration and shared
risk/reward models.

® A Strong CDMO Partnership Increases Value: A partnership with a reputable CDMO can serve as a proxy for a robust
manufacturing strategy, increasing a company's attractiveness to acquirers.

For Investors (VC, PE & Public Markets):

® Focus Due Diligence on the Supply Chain: A scientifically brilliant drug with a fragile supply chain is a high-risk
investment.

® The CDMO Sector as a Compelling Thesis: The persistent supply-demand gap makes the radiopharma CDMO sector
itself a compelling investment.

® The "Picks and Shovels" Play: The next frontier for investment lies in the upstream supply chain: novel isotope
producers, manufacturers of specialized equipment, and specialized logistics providers.

® Human Capital is a Core Asset: The quality of the leadership, the stability of the workforce, and the depth of technical
experience can be more valuable than the physical assets.

6.3. Concluding Remarks: Mastering Execution Under Decay

The radiopharmaceutical industry has unequivocally entered a new era of intense competition and rapid maturation. The
landscape is being reshaped by powerful forces of technological disruption, strategic consolidation, and an urgent focus on
securing the complex supply chains that underpin the entire field. While novel science and promising clinical data remain
essential, they are no longer sufficient for success. Operational and manufacturing excellence are now the primary
determinants of long-term value and market leadership.

The future competitive landscape will be defined by the successful integration of three core pillars: a secure and redundant
isotope supply, scalable and flexible manufacturing infrastructure, and precision global logistics. The ultimate differentiator
will not be a patent or access to a raw material, but a proven, reliable system of execution under decay. The companies
that can master the complex interplay of innovative biology, robust isotope supply, and flawless, GMP-compliant
manufacturing will be the winners in this new landscape. They will not only thrive but will also serve as the indispensable
manufacturing backbone for a new generation of medicines poised to transform the treatment of cancer and other serious
diseases.
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Chapter 7: Footnotes on Cross-Segment Players

To provide additional clarity on the complex and integrated nature of the radiopharmaceutical market, this section

acknowledges key companies that operate across multiple segments of the value chain as defined in Chapter 4. Their

multifaceted strategies are central to understanding the competitive landscape.

ARTBIO: While its core focus is Radiochemistry & Radiolabeling Development (4.2) with its proprietary 212Pb
platform, its business model relies on partnerships with GMP Manufacturing CDMOs (4.3) like Nucleus and Eckert &
Ziegler to implement its technology.

ARTMS (A Telix Company): Primarily an Infrastructure & Enabling Technology (4.6) provider with its QIS™ cyclotron
system, its work is foundational to Isotope Supply (4.1) and Radiochemistry Development (4.2).

AtomVie Global Radiopharma: A pure-play GMP Manufacturing CDMO (4.3) that has strategically integrated
backward by securing long-term agreements with Isotope Suppliers (4.1).

BWXT Medical: A primary Isotope Supplier (4.1) that also operates as a comprehensive GMP Manufacturing CDMO
(4.3).

Cardinal Health: A dominant Logistics & Distribution (4.5) player that is also a major Isotope Supplier (4.1) and a
significant GMP Manufacturing CDMO (4.3).

Curium Pharma: A fully integrated global player spanning nearly all categories: Isotope Supply (4.1), Radiochemistry
Development (4.2), GMP Manufacturing (4.3), and Logistics & Distribution (4.5).

Eckert & Ziegler: One of the most diversified players, EZAG is a major Isotope Supplier (4.1), a leading GMP
Manufacturing CDMO (4.3), and a key provider of Infrastructure & Enabling Technologies (4.6).

IBA: The leader in Infrastructure & Enabling Technologies (4.6), which has strategically integrated into Isotope Supply
(4.1) through its joint ventures (e.g., PanTera) to produce next-generation isotopes.

lonetix: While a focused Isotope Supplier (4.1) with its cyclotron technology, its core business enables the broader
GMP Manufacturing (4.3) ecosystem.

Isotopia Molecular Imaging: A key Isotope Supplier (4.1) of 177Lu and other isotopes, which also operates as a GMP
Manufacturing CDMO (4.3).

ITM Isotope Technologies Munich: A global leader in Isotope Supply & Production (4.1) that is also a clinical-stage
Radiochemistry & Radiolabeling Developer (4.2) and offers GMP Manufacturing CDMO (4.3) services.

Jubilant Radiopharma: A major Logistics & Distribution (4.5) player via its radiopharmacy network, which also serves
as a GMP Manufacturer (4.3) for its own product portfolio and partners.

Medi-Radiopharma: While profiled as a Preclinical & Imaging CRO (4.4) for its specialized analytical services, it also
operates as a GMP Manufacturing CDMO (4.3).

Minerva Imaging: While its core focus is as a Preclinical & Imaging CRO (4.4), the company also offers GMP
Manufacturing CDMO (4.3) services to support clients through first-in-human clinical trials.

NorthStar Medical Radioisotopes: Founded as an Isotope Supplier (4.1), the company has made a definitive strategic
pivot into a full-service GMP Manufacturing CDMO (4.3).

Orano Med: A Radiochemistry & Radiolabeling Developer (4.2) with a proprietary platform that has vertically
integrated its own Isotope Supply (4.1) through a unique chemical extraction process.

Perspective Therapeutics: Primarily a clinical-stage Radiochemistry & Radiolabeling Developer (4.2), the company
has vertically integrated to control its own Isotope Supply (4.1) through its proprietary VMT-a-GEN benchtop
generator for 212Pb and is building out its own internal GMP Manufacturing (4.3) network with facilities in lowa and
New Jersey to support its clinical pipeline.

Pharmalogic: A leading Logistics & Distribution (4.5) company that, through its acquisition of Agilera, has become a
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global GMP Manufacturing CDMO (4.3).

Radiomedix: Operates a hybrid model as a clinical-stage Radiochemistry & Radiolabeling Developer (4.2), a full-
service GMP Manufacturing CDMO (4.3), and a Preclinical CRO (4.4).

SCK CEN: A foundational Isotope Supplier (4.1) that also provides Radiochemistry Development (4.2) and Preclinical
CRO (4.4) services through R&D partnerships.

SOFIE Biosciences: Operates a hybrid model as a GMP Manufacturing CDMO (4.3) for PET agents while also acting as
a Radiochemistry & Radiolabeling Developer (4.2) with its proprietary FAPI pipeline.

Telix Pharmaceuticals: After its acquisition spree, Telix is a fully integrated company spanning Radiochemistry
Development (4.2), Isotope Production (4.1) (via ARTMS), GMP Manufacturing (4.3), and Logistics & Distribution
(4.5) (via RLS Radiopharmacies).

CUP Contract Labs: While its core business is as a specialized Preclinical & Imaging CRO (4.4) providing GMP
analytical services, the company is also an innovator in Infrastructure & Enabling Technologies (4.6) through its
development and patenting of the RADIOSTER® automated sterility testing system, which it licenses to other
technology providers in the industry.
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